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Abstract of JP1 11 85940 

PROBLEM TO BE SOLVED: To provide a ceramic heater 
capable of accurately maintaining the homogeneity of the 
temperature distribution on a semiconductor wafer mount 
face even when the temperature of the mount face is 



changed during a process. 

SOLUTION: This ceramic heater is provided with a disk- 
shaped ceramic insulating substrate having a semiconductor 
wafer mount face and a heating resistor nearly concentrically 
arranged with resistance wires 11 in the insulating substrate, 
and the heating resistor is made of a resistor having a 
positive temperature coefficient. A plurality of resistance 
wires 1 1 arranged concentrically in the radial direction are 
connected in parallel by feeder lines 16-19 extended radially 
on at least part of the heating resistor to form a parallel circuit 
pattern, the temperature change of this portion is 
automatically corrected by the change of the heating quantity 
due to the resistance change of the resistor under a constant 
voltage, and the temperature distribution of the wafer mount 
face is accurately kept homogeneous. 
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JP H 11-185940 
(Claim 1) 

A ceramic heater for semiconductor-device manufacture 
comprising: 

a ceramic disc-like insulating substrate which has a 
semiconductor wafer installation face; and 

an exothermic resistance which is formed by arranging a 
resistance wire inside said insulating substrate in the shape 
of an abbreviated concentric circle, 

wherein : 

the above-mentioned exothermic resistance is formed by 
the resistance having a positive temperature coefficient; and 

said exothermic resistance circuit comprises parallel 
circuit which is formed by carrying out the parallel connection 
of a plurality of resistance wires arranged in the shape of a 
concentric circle in radial direction, at least in a part of 
circuit pattern thereof. 

[Claim 2] 

The ceramic heater for semiconductor-device manufacture 
according to claim 1, 

characterizedby providing a support attached in the center 
part of the opposite side of the wafer installation face of said 
insulating substrate . 

[Claim 3] 

The ceramic heater for semiconductor-device manufacture 
according to claim 1, 

in which the constant voltage is applied to said parallel 
• circuit. 

[Detailed Description of the Invention] 
[0001] 

[Technical field to which invention belongs] 

The present invention relates to a ceramic heater of the 
shape of a disc, which is used for a semiconductor-device 
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manufacturing equipment , especially used for thin film formation 
processes, such as PVD and the like. 
[0002] 

[Conventional technique] 

Conventionally , in order to maintain a semiconductor wafer 
at uniform temperature in the various processes of a 
semiconductor-device manufacturing equipment , the ceramic 
heater which laid exothermic resistance in the inside of a ceramic 
disc-like insulating substrate is usually used. Figure 4 (a) 
is an example which shows the pattern of exothermic resistance, 
and (b) is sectional figure of the ceramic heater. According 
to figure 4, the exothermic resistance 32 laid in the inside 
of the ceramic insulating substrate 31 usually has one pair of 
electrodes 33, 34 mostly prepared at the center, which is 
connected with the. direct-current-power-source section (not 
shown) of an insulating substrate 31 , and exothermic resistance 
32 is constituted by the pattern wherein a series circuit 
connected with an electrode 33 at one end portion is connected 
to the electrode 34 after being dragged over along the shape 
of an abbreviated concentric circle. 
[0003] 

Moreover, in order to adjust the calorific power per unit 
length of exothermic resistance, a ceramic heater mentioned above 
is designed to set the thickness of a resistance wire to be constant 
and the line width may be adjusted in such a manner that the 
temperature distribution of a semiconductor wafer installation 
face may become uniform. For example, by adjusting the width 
of the resistance wire located in the peripheral section, at 
which installation face temperature tends to become low, to be 
narrower than that of the resistance wire near a center 
heat-uniformity nature is maintained. Moreover, adjustment of 
heating temperature can be performed also by controlling the 
distance between the adj oining res istance wires of an abbreviated 
concentric circle . 
[0004] 

As shown in figure 4 (b) , in this ceramic heater , the support 
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35 for supporting this ceramic heater is further attached in 
the center section of the opposite side to the semiconductor 
wafer installation face. Incidentally, this support 35 
generally consists of a cylinderical object which contains the 
connection line 36 for connecting the electrodes 33 , 34 of a 
heater with direct current power source in the inside. 
[0005] 

[Problems to be Solved by the Invention] 

However, in the above-mentioned conventional ceramic 
heater, non-uniform distribution of the temperature on the 
installation face of a ceramic heater is caused: due to the 
conditional change of the gas current in the circumference of 
a heater during the process; or in transitional conditions 
immediately after installation of a wafer and the like . Therefore , 
a time lag, which- is needed for equalizing a distribution, is 
inevitably generated. Thus, it was difficult to realize an 
accurate uniformity of temperature distribution for a conductor 
wafer installation face. 
[0006] 

Moreover, such non-uniformity of a temperature 
distribution under the above-mentioned environmental change or 
transitional conditions can also be overcome to obtain a 
heat-uniform state in a short time, by controlling the electric 
current which flows in a resistance circuit based on the value 
detected by the thermo sensor. However, in that case, there 
are problems that a ceramic heater becomes expensive by 
installation of a plurality of thermometry sensors , installation 
of a controlling circuit, and the like. 
[0007] 

Accordingly, the present invention aims at offering the 
ceramic heater which can keep good uniformity of the temperature 
distribution of a semiconductor wafer installation face with 
accuracy without installing a thermo sensor and the like. 
[0008] 

[Means for solving a subject] 

The ceramic heater of the present invention accomplish 
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the above-mentioned objective by adopting the constitution 
below: the ceramic heater for semiconductor-device manufacture 
comprising: a ceramic disc-like insulating substrate which has 
a semiconductor wafer installation face; and an exothermic 
resistance which is formed by a arranging resistance wire inside 
said insulating substrate in the shape of an abbreviated 
concentric circle, wherein: the above-mentioned exothermic 
resistance is formed by the resistance having a positive 
temperature coefficient; and said exothermic resistance 
circuit comprises parallel circuit which is formed by carrying 
out the parallel connection of a plurality of resistance wires 
arranged in the shape of a concentric circle in radial direction, 
at least in a part of circuit pattern thereof. 
[0009] 

Moreover, the present invention is characterized by: 
providing a support attached in the center part of the opposite 
side of the wafer installation face of said insulating substrate ; 
and applying the constant voltage to said parallel circuit. 
[0010] 

[Embodiment of the invention] 

The present invention is hereafter explained based on 
figures. Figure 1 is outline sectional figure of the ceramic 
heater of the present invention, and figure 2 is a pattern figure 
for explaining the circuit pattern of the exothermic resistance 
in the ceramic heater of figure 1 . 
[0011] 

According to figure 1, the ceramic heater 1 of the present 
invention possesses the exothermic resistance 3 laid in the 
inside of disc-like the ceramic insulating substrate 2 and an 
insulating substrate 2. And, the surface of the ceramic 
insulating substrate 2 constitutes the installation face 4 for 
laying a semiconductor wafer. 
[0012] 

Moreover, the support 5 for supporting a ceramic heater 
inside semiconductor-device manufacturing equipments such as 
thin film formation equipment, is attached in the opposite side 
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of the semiconductor wafer installation face 4 of a ceramic heater 
1. This support 5 consists of ceramics or metal members which 
is hollow in the inside, and is joined to the ceramic heater 
1 by the well-known metallizing method and the like. 
[0013] 

Moreover, the exothermic resistance 3 in a ceramic heater 
is connected to an external direct current power source 8 via 
the coupled electrodes 6 , 7 by the external connection line 9. 
By controlling the electric current to exothermic resistance 

3 with the control equipment 10 which controls a direct current 
power source 8, the exothermic resistance 3 of a ceramic heater 
1 is made to generate heat to reach a predetermined temperature , 
and uniform heating of the semiconductor wafer installation face 

4 is carried out at predetermined temperature. 
[0014] 

The exothermic resistance 3 in the ceramic heater 1 of 
the present invention is made . of the exothermic resistance 
material having the positive temperature coefficient, that is, 
which has the characteristic in which : the higher the temperature , 
the higher the resistance and thus electricity is hard to flow; 
and the lower the temperature, the lower the resistance and thus 
electricity is easy to flow. 
[0015] 

And in the example of figure 2, as this exothermic 
resistance 3 , the resistance wires 11 of eight layers are arranged 
in the shape of a concentric circle in the ceramic disc-like 
insulating substrate 2 . Incidentally, regarding this resistance 
wire 11, on the basis of the assumed electric current value, 
the width and spacing of a resistance wire are adjusted in 
consideration of thermal conduction toward the support 5 . joined 
at the edge or center of a ceramic heater and the like, in order 
to raise the uniformity of a temperature distribution. 
[0016] 

The eminent characteristic in the present invention is 
that: the exothermic resistance circuit 3 comprises parallel 
circuit which is formed by carrying out the parallel connection 
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of a plurality of resistance wires arranged in the shape of a 
concentric circle in radial direction, at least in a part of 
circuit pattern thereof. 
[0017] 

That is, according to figure 2, staring from the 
positive-electrode terminals 12,14 and negative-electrode 
terminals 13 , 15 formed in the center and electrically connected 
with a direct current power source, the positive feeders 16,18 
and the negative feeders 17,19 are arranged to be electrically 
connected to the resistance wire 11 arranged in the shape of 
an abbreviated concentric circle. Consequently, among the 4 
layers of resistance wires 11 in the inside out of the resistance 
wires 11, for instance, 4 layers of resistance wires 11 in the 
region sandwiched by the positive feeder 16 and the negative 
feeder .17 aire connected in parallel by the positive feeder 16 
and the negative feeder 17 to form parallel circuit. 
[0018] 

Also, regarding 4 layers of the resistance wires 11 in 
the outside, the resistance wires 11, for instance , in the region 
sandwiched by the positive feeder 16 and the negative feeder 
17 are divided in the intermediate position thereof, 
a positive feeder 20 and the negative feeder 21 are electrically 
connected to the divided 4 layers at the divided portions. And, 
the positive feeder 20 and the negative feeder 21 are connected 
with the negative-electrode terminal 13 and the 
positive-electrode terminal 14 which were prepared at the center 
thereof via the positive-electrode section 22, the 
negative-electrode section 23, and the connection lines 24,25. 
Consequently, among the four outside resistance wires 11, for 
instance, 4 layers of resistance wires 11 in the region sandwiched 
by the positive feeder 16 and the negative feeder 21 are connected 
in parallel by the positive feeder 16 and the negative feeder 
21 to form parallel circuit. 
[0019] 

In addition, the above-mentioned connection lines 24,25 
are connected as shown in Fig. 2 and they are dragged over in 
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a manner that they have the same length as possible and in a 
manner that the heat conduction of the connection lines 24 , 25 
and some heat generated by the conductor maintain the symmetry 
for rotation. 
[0020] 

By the similar connecting mode as the above in the pattern 
figure of the resistance of figure 2, as shown in figure 3, the 
range surrounded by the each line segment forms one block of 
parallel circuit, and thus constitutes total of 12-blockparallel 
circuits A to L. 
[0021] 

Moreover, as for each above-mentioned parallel circuit 
A to L, they are desirably controlled by the same or different 
constant voltage . Each parallel circuit A to L are adjusted their 
width, thickness and length of the register in a manner that 
each parallel circuit A to L may have the same calorific power 
per unit based on the given electrical voltage. 
[0022] 

The exothermic resistance which consists of a plurality 
of above-mentioned parallel circuits is formed of the resistance 
material with a positive temperature coefficient. Thus, in the 
resistance wire of the portion to which the temperature of a 
wafer installation face became low, resistance thereof becomes 
lower than other resistance wires connected in parallel thereto 
and the amount of electric current increases with a consequent 
result that calorific power increases and the temperature of 
an installation face is raised. On the contrary, as for the 
resistance wire of the portion into which temperature rise, 
resistance becomes high. Thus, the amount of electric current 
decrease, and calorific power decreases so that the temperature 
on the installation face drops. Accordingly, the ceramic heater 
has the function which corrects automatically the disorder of 
the temperature generated according to a temperature fluctuation 
in the peripheral section or a center of a ceramic heater and 
the like. 
[0023] 
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As shown in figure 2, as for the above-mentioned parallel 
circuit, it is desirable to form all the exothermic resistance 
3 embedded in the ceramic insulating substrate 2 by the parallel 
circuit. And, as the number of block count of a parallel circuit 
is made to increase, the fine temperature correction thereof 
becomes possible. On the contrary, if the number of the block 
count is too small, since calorific power may be changed even 
at the portion which the temperature change has not produced, 
a parallel circuit is need to be prepared based on the situation. 
[0024] 

Moreover, depending on the case, a parallel circuit may 
be formed only in the portion wherein a temperature change is 
severe, and other portions may be constitutedby dragging a series 
of circuit. For example, since the heater peripheral section 
tends to produce a temperature gradient by the gas current around 
a ceramic heater. and radiation, it is desirable to finely divide 
a resistance pattern radially from the center to form a parallel 
circuit . 
[0025] 

Moreover , as shown in figure 1 , when the support 5 is j oined, 
heat escapes by conducting to the support 5 near the center portion 
at which the support 5 was joined, thus temperature "decrease 
tends to be generated. In that case, it is desirable to finely 
divide the circuit near the center radially to form a parallel 
circuit . 
[0026] 

As mentioned above, according to the present invention, 
by forming a parallel circuit in the pattern configuration of 
the exothermic resistance embedded in a ceramic insulating 
substrate, it becomes possible to maintain the temperature 
distribution of a wafer installation face uniformly and with 
sufficient accuracy by the automatic correction of the 
temperature change caused by change of the calorific power 
accompanied by resistance change of the resistance under a 
constant voltage on the temperature change at the portion. 
[0027] 
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Especially, the partial temperature change on the 
installation face of a ceramic heater caused: due to the 
conditional change of the gas current in the circumference of 
a heater during the process; or in transitional conditions 
immediately after installation of a wafer and the like, can be 
corrected in a short time without using a temperature sensor 
and the like. 
[0028] 

Also , since a temperature change is producedmainly between 
the center portion of a disc-like ceramic heater and the periphery 
section thereof, those temperature changes can be corrected 
effectively, by forming a parallel circuit by connecting plural 
resistance wires arranged in the shape of a concentric circle 
in parallel. 
[0029] 

In the ceramic heater of the present invention, it. is 
desirable that Ceramic materials such as A1 2 0 3/ Si 3 N 4 , a silicon 
carbide, A1N and the like are used to form Ceramic insulating 
substrate. Especially for achieving the heat uniformity, the 
ceramic material having a Heat conductivity of 80 or more W/m • 
K are used to form Ceramic insulating substrate. 
[0030] 

Moreover, since exothermic resistance has a positive 
temperature coefficient and it is embedded in a ceramic 
insulating substrate, as the exothermic resistance, the 
resistance which can be simultaneously fired with a ceramic 
insulating substrate is desirable, For example, tungsten, 
molybdenum and the like are listed. 
[0031] 

Incidentally, in the case of applying the voltage to the 
above-mentioned exothermic resistance, design can made in a 
manner that a constant voltage may be applied to all resistance. 
On the other hand, the voltage may be applied after adjusting 
the block size of the parallel connection, at the time of 
segmenting as shown in Fig. 3, in a manner that resistance width 
thereof may become as the same as possible. 
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[0032] 

[Effect of the Invention] 

As explained in detail above, the ceramic heater for 
semiconductor-device manufacture of the present invention is 
able to automatically control the calorific value thereof by 
the resistance change of the resistance itself resulting from 
the temperature change so as to overcome : the partial temperature 
change on the installation face of a ceramic heater caused due 
to the conditional change of the gas current in the circumference 
of a heater during the process; or the temperature change in 
transitional conditions immediately after installation of a 
wafer and the like; or temperature change owing to thermal 
conduction toward the support, without using a special 
temperature sensor and the like . As a result , uniform temperature 
distribution of a. semiconductor wafer installation face with 
precision can be realized. 

[Brief Description of the Figures] 
[Fig. 1] 

It is outline sectional figure of the ceramic heater of the present 
invention . 
[Fig. 2] 

It is a figure for explaining the circuit pattern of the exothermic 
resistance in the ceramic heater of figure 1. 
[Fig. 3] 

It is a figure for explaining the block of the parallel circuit 
by the circuit pattern of figure 2. 
[Fig. 4] 

They are figures for explaining the conventional ceramic heater , 
and (a) is the pattern figure of exothermic resistance and (b) 
is the outline sectional figure thereof. 

[Description of Notations] 

1 ceramic heater 

2 Ceramic insulating substrate 

3 exothermic resistance 
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4 Semiconductor wafer installation face 

5 supports 
6,7 Electrode 

8 direct current power sources 

9 connection lines 

10 control equipment 

11 resistance wires 

12 , 14 positive-electrode terminal 

13, 15 negative-electrode terminal 

16, 18, 20 positive feeders 

17, 19, 21 negative feeders 

22 positive-electrode sections 

23 negative-electrode sections 
24, 25 connection lines 
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